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Definition of venous reflux in lower-extremity
veins
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Tassiopoulos, MD, Steven S. Kang, MD, M. Ashraf Mansour, MD, and William H. Baker, MD,
Maywood, Ill
Purpose: This prospective study was designed to determine the upper limits of normal for duration and maximum velocity
of retrograde flow (RF) in lower extremity veins.
Methods: Eighty limbs in 40 healthy subjects and 60 limbs in 45 patients with chronic venous disease were examined with
duplex scanning in the standing and supine positions. Each limb was assessed for reflux at 16 venous sites, including the
common femoral, deep femoral, and proximal and distal femoral veins; proximal and distal popliteal veins; gastrocnemial
vein; anterior and posterior tibial veins; peroneal vein; greater saphenous vein, at the saphenofemoral junction, thigh,
upper calf, and lower calf; and lesser saphenous vein, at the saphenopopliteal junction and mid-calf. Perforator veins along
the course of these veins were also assessed. In the healthy volunteers, 1553 vein segments were assessed, including 480
superficial vein segments, 800 deep vein segments, and 273 perforator vein segments; and in the patients, 1272 vein
segments were assessed, including 360 superficial vein segments, 600 deep vein segments, and 312 perforator vein
segments. Detection and measurement of reflux were performed at duplex scanning. Standard pneumatic cuff compres-
sion pressure was used to elicit reflux. Duration of RF and peak vein velocity were measured immediately after release of
compression.
Results: Duration of RF in the superficial veins ranged from 0 to 2400 ms (mean, 210 ms), and was less than 500 ms in
96.7% of these veins. In the perforator veins, regardless of location, outward flow ranged from 0 to 760 ms (mean, 170
ms), and was less than 350 ms in 97% of these veins. In the deep veins, RF ranged from 0 to 2600 ms. Mean RF in the
deep femoral veins and calf veins was 190 ms, and was less than 500 ms in 97.6% of these veins. In the femoropopliteal
veins, mean RF was 390 ms, and ranged from 510 to 2600 ms in 21 of 400 segments; however, RF was less than 990 ms
in 99% of these veins. Duration of RF was significantly longer in all three veins systems in patients (P < .0001 for all
comparisons). With a cutoff value of more than 1000 ms rather than more than 500 ms, prevalence of abnormal RF in
the femoropopliteal veins was significantly reduced, from 29% to 18% (P .002). Thirty-seven vein segments (2.4%) had
RF greater than 500 ms in the supine position, compared with less than 500 ms in 22 of these vein segments (59%) in the
standing position. Of the 48 vein segments (3.1%) with RF greater than 500 ms in the standing position, RF was less than
500 ms in 6 of these vein segments (13%) in the supine position. Similar observations were noted in patient veins. There
was no association between RF and peak vein velocity. Peak vein velocity had no significance in determining reflux.
Conclusions: The cutoff value for reflux in the superficial and deep calf veins is greater than 500 ms. However, the reflux
cutoff value for the femoropopliteal veins should be greater than 1000 ms. Outward flow in the perforating veins should
be considered abnormal at greater than 350 ms. Reflux testing should be performed with the patient standing. (J Vasc
Surg 2003;38:793-8.)
Retrograde flow (RF) in the lower-extremity veins oc-
curs physiologically just before valve closure, and patholog-
ically as a result of valve absence or incompetence from
recanalization, dilatation, or denervation.1 Attempts have
been made to define abnormal duration of RF. Cutoff
values of greater than 0.5 seconds or greater than 1.0
second have been proposed.1-4 These studies have had
small sample size and assessed few sites in the lower-limb
veins. It is therefore unknown whether duration of RF
should be the same in superficial and deep veins. In addi-
tion, no work has been done to define perforator vein
reflux. Controversy exists about these veins, because they
may exhibit inward and outward flow. In a recent study,
incompetent perforating veins had a net flow toward the
superficial veins.5 However, even in that study a cutoff
value for reflux was not determined. Therefore the present
study was performed to determine the upper limits of
normal for duration and maximum velocity of RF in lower-
extremity veins.
PATIENTS AND METHODS
In this prospective study 80 limbs of 40 healthy subjects
and 60 limbs of 45 patients with chronic venous disease
(CVD) were evaluated with duplex scanning for venous
reflux. Volunteers had no signs or symptoms of CVD and
no known previous episode of superficial or deep vein
thrombosis. Volunteers, who were medical students,
friends, colleagues, and support staff, included 20 men and
20 women, with mean ( SD) age of 30  7 years (range,
31-54 years; median, 25 years; interquartile range [IQR],
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24, 39). Although we did not try to select the subjects,
none were obese or had any significant disease. Patients,
who were referred to the vascular laboratory from our
venous clinic, included 29 women and 16 men, with mean
age of 48 11 years (range, 22-73 years; median, 46 years;
IQR 38, 59). Three patients had class 1 CVD, 18 patients
had class 2 CVD, 8 patients had class 3 CVD, 9 patients had
class 4 CVD, 3 patients had class 5 CVD, and 4 patients had
class 6 CVD. Thirty-seven patients (82%) had symptomatic
CVD. These patients were consecutive, but 8 limbs in 5
other patients were excluded because they had undergone
previous venous surgery.
Each limb was examined for reflux at 16 venous sites,
including the common femoral, deep femoral, and proxi-
mal and distal femoral veins; proximal and distal popliteal
veins; gastrocnemial vein; anterior and posterior tibial
veins; peroneal vein; greater saphenous vein, at the saphe-
nofemoral junction, thigh, upper calf, and lower calf; and
lesser saphenous vein, at the saphenopopliteal junction and
mid-calf. The main calf veins were examined in the mid-
calf. In the paired calf veins it was often observed that in
areas with interconnections where a communicating vein
connects a pair of veins the RF was much longer. These
segments were not included in the analysis, and an adjacent
segment was tested instead. Paired veins were screened, and
only the one with the longer RF was included in the
analysis. The gastrocnemial veins were evaluated 2 cm
below their union with the popliteal vein. These veins
further down in the muscle belly usually become larger and
have very slow flow. At that location it is not easy to elicit a
good response; therefore this area was avoided. Duration of
outward flow, ie, flow toward the superficial veins, in the
perforator veins along the course of the assessed veins was
also evaluated. Detection and measurement of reflux was
performed with duplex scanning with an ATL HDI 3000
color- flow duplex scanner (Advanced Technology Labora-
tories, Bothel, Wash) with a variable frequency 4 to 7 MHz
linear array transducer. One author (N.L.) performed the
duplex scanning and read the scans. Black-and-white pic-
tures were taken, and videotapes were made.
Rapid-inflation pneumatic cuffs (Aircast, Summit NJ)
with maximum pressure of 80 mm Hg were used to aug-
ment flow. These were placed distal to the venous segment
under investigation. The same pressure (80 mm Hg) was
used with subjects both standing and supine. Time to
inflation was 0.3 seconds, inflation was maintained for 1
second, and deflation was achieved in less than 1 second.
For groin and proximal thigh vein measurements the cuff
was placed on the lower thigh, and for the other veins it was
placed on the lower calf.
Duration of RF and peak vein velocity were measured
immediately after release of compression. Peak RF velocity
and duration of RF were recorded in all volunteers in both
the standing and supine positions. Because of the long
duration of the test, only 10 patients were examined in both
positions; the remainder were examined only in the stand-
ing position.
We have observed that some patients with significant
pitting edema and dilated veins do not demonstrate reflux
with manual or automated rapid compression. In these
patients RF is determined during active dorsiflexion or
plantar flexion.
Collective data from each venous segment were ana-
lyzed individually from both positions, and a definition of
abnormal RF was calculated at the best separation point
and in comparison with the data from patients. Statistical
analysis of the data was performed with descriptive statistics
and the 2 test, with 95%, 99% confidence intervals (CI).
Distribution of continuous data was abnormal; therefore
median and IQR values are also given. Statistical signifi-
cance was determined with the Mann-Whitney test. Unless
otherwise indicated, data were obtained with the subjects in
the standing position.
RESULTS
In the superficial veins 480 segments were evaluated.
Mean duration of retrograde flow was 210 ms (range,
0-2400 ms; 95% CI, 206-214). In 16 vein segments (3.3%)
RF was greater than 500 ms. Duration of RF is shown in
Table I. Reflux was more common in calf vein segments,
but the difference was not significant (P .09). Reflux was
more frequent in the greater saphenous vein compared with
the lesser saphenous vein, without reaching significance (P
 .32). In the patients 360 vein segments were assessed. RF
greater than 500 ms was detected in 202 segments (56%; P
 .0001 compared with control values). This does not
include other segments of the main saphenous veins, trib-
utary vessels, and nonsaphenous superficial veins. If these
veins were included, prevalence of reflux in the superficial
veins overall would have been 93% (56 of 60 limbs). In
varicose vein segments RF was always greater than 500 ms.
However, of 202 segments with RF greater than 500 ms,
114 segments (56%) were dilated but had no varicosities
and 18 segments (9%) had normal diameter or were less
than 2.5 mm in diameter.
Of 273 perforator veins detected, 214 were below the
knee and 59 were in the thigh. Outward flow in the
perforating veins, regardless of location, ranged from 0 to
Table I. Prevalence of prolonged retrograde flow in
superficial veins (standing position)
Vein segment
Duration of retrograde flow
500 ms 500 ms
n % n %
SFJ 79 98.8 1 1.2
GSV, thigh 78 97.5 2 2.5
GSV, upper calf 77 96.2 3 3.8
GSV, lower calf 73 91.2 7 8.8
SPJ 79 98.8 1 1.2
LSV 78 97.5 2 2.5
464/480 96.7 16/480 3.3
SFJ, Saphenofemoral junction; GSV, greater saphenous vein; SPJ, saphe-
nopopliteal junction; LSV, lesser saphenous vein.
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760 ms (mean, 170 ms). Only 3 perforator veins (1%) in the
calf and none in the thigh had RF greater than 500 ms.
Indeed, 97% of these veins had RF less than 350 ms. RF
duration in the calf was much longer than in the thigh
(mean, 180 ms [95% CI, 176-184] vs 150 ms [95% CI,
145-155]; P .0001). Incompetent perforator veins in all
3 cases were associated with superficial RF greater than
1200 ms. Of 312 perforator veins identified in patients, 71
veins had RF greater than 500 ms (P  .0001 compared
with healthy volunteers). If the cutoff for normal was set at
350 ms, 82 perforator veins would have had abnormal RF.
In the deep veins 800 segments were examined: 320 in
the thigh, 240 in the popliteal fossa, and 240 in the calf. In
these veins RF ranged from 0 to 2600 ms. RF duration for
all veins is shown in Fig 1. Mean RF value in the deep
femoral and calf veins was 190 ms (95% CI, 188-192). In
97.6% of these veins RF was less than 500 ms; only 1 deep
femoral vein (1.2%) and only 7 calf veins (2.2%) had RF
greater than 500 ms. In the femoropopliteal veins, mean
RF was 280 ms (95% CI, 375-385), significantly longer
than in superficial, perforator, deep femoral, and calf veins
(P .0001 for all comparisons). In 21 of 400 segments RF
ranged from 510 to 2600 ms; however, in 99% of these
veins RF was less than 990 ms. With 1000 ms as the cutoff
for abnormal RF, only 4 of 400 segments (1%) would have
reflux. Of 600 segments examined in patients, 152 had RF
greater than 500 ms (P  .0001 compared with control
values). In the femoropopliteal veins the prevalence of RF
greater than 500 ms was 29% (87 of 300 veins; P  .0001
compared with control values). With the cutoff value at
1000 ms, prevalence of abnormal RF was significantly
reduced, at 18% (54 of 300 veins; P  .002).
Median and IQR for all vein systems assessed in healthy
volunteers and patients are illustrated in Fig 2. In all com-
parisons, patients had significantly longer RF than did
volunteers (P  .0001). Depending on degree of overlap
between values for healthy volunteers and patients, 95% to
99% of RF values were used to determine the best cutoff
points for normality. For superficial, deep calf, and deep
femoral veins, abnormal RF was greater than 500 ms; for
perforator veins abnormal RF was greater than 350 ms; and
for femoropopliteal veins RF was greater than 1000 ms.
These cutoff points would include 96.7%, 97.6%, 98%, and
99%, respectively, of normal segments in each group.
In 37 segments (2.4%) RF was greater than 500 ms in
the supine position. RF duration was less than 500 ms in 22
of the 37 segments (59%) in the standing position. Loca-
tion and positional changes in RF are shown in Table II. Of
the 48 vein segments with RF greater than 500 ms in the
standing position, RF was less than 500 ms in 6 segments
Fig 1. Duration of retrograde flow in all vein segments in healthy volunteers during standing.
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(13%) in the supine position. Similar observations were
noted in the 10 patients in whom the test was done in both
positions. In 59 segments RF was greater than 500 ms in
the supine position; in the standing position, 8 of these
segments (12%) had RF less than 500 ms. Of the 72
segments with RF greater than 500 ms in the standing
position, 5 segments (7%) had RF less than 500 ms in the
supine position.
Peak RF velocity varied from 8 to 35 cm/s in control
subjects and from 9 to 83 cm/s in patients. Segments with
RF greater than 500 ms had higher peak velocity (mean,
23.5 cm/s;, 95% CI, 20.2-26.8) compared with segments
with RF less than 500 ms (mean, 15 cm/s; 95% CI,
14.8-15.2; P .0001). Similar observations were noted in
patients (RF500 ms; mean, 41 cm/s; 95% CI, 36-48.5 vs
RF 500 ms; mean, 18 cm/s; 95% CI, 14.5-24.2; P 
.0001). Peak vein velocity of RF greater than 500 ms was
significantly higher in patients than in control subjects. RF
duration and peak RF velocity varied greatly. Also, because
abnormal RF occurred at both low and high peak velocity,
it was not possible to determine cutoff velocity values.
In 13 vein segments (3 greater saphenous vein, 1 lesser
saphenous vein, 1 femoral vein, 1 popliteal vein, 2 gastroc-
nemial veins, 1 peroneal vein, 4 perforator veins) in 4
patients with significant pitting edema, RF was normal. RF
became abnormal only during active dorsiflexion or plantar
flexion.
DISCUSSION
Results of this study contribute to more accurate defi-
nition of reflux in the lower extremity. This is the only study
that evaluated most veins in the lower extremity, with the
largest sample size. In the superficial veins and deep femoral
and deep calf veins, 96.7% and 97.6%, respectively, of
segments tested had RF less than 500 ms, and in the
Table II. Duration of retrograde flow from supine to
standing position
Vein segment
Duration of retrograde flow
Supine, 500 ms Standing, 500 ms
SFJ 1 1
Thigh 3 2
GSV, upper calf 5 3
GSV, lower calf 10 5
SPJ 0 0
LSV 3 2
Perforator 2 1
Femoropopliteal 7 4
Deep femoral 0 0
Calf 6 4
Total 37 22
SFJ, Saphenofemoral junction; GSV, greater saphenous vein; SPJ, saphe-
nopopliteal junction; LSV, lesser saphenous vein.
Fig 2. Median and interquartile range for retrograde flow in healthy volunteers and patients during standing.
Retrograde flow was significantly longer in patients compared with volunteers in all veins (P  .0001 for all
comparisons).
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perforator system 97% of 273 veins had outward flow less
than 350 ms. These results confirm that the standard RF
value of less than 500 ms applies to most superficial and
deep veins, with the exception of the femoropopliteal
veins.1,3,4 In 99% of femoropopliteal veins, we found RF of
less than 990 ms. These findings suggest that the cutoff
value for reflux in the femoropopliteal segment should be
increased to greater than 1000 ms for adequate specificity.
More important, in the deep veins in patients a significant
reduction in abnormal RF was seen, from 18% to 11%. In
the perforating veins the cutoff value used thus far in most
reports is 500 ms. This value has been used arbitrarily, and
no study has been performed to determine a cutoff point.
According to our data, this value can be safely lowered to
350 ms.
Duration of RF in the various normal veins varies,
probably related to their size, valve location and number,
tributary vessels uniting these veins, and wall compliance.
The femoropopliteal veins are the largest veins in the ex-
tremity, and it may take longer for the valves to close,
compared with valves in the superficial, perforating, and
deep calf veins. The number of the valves in femoropopli-
teal veins is much fewer than in the deep calf veins, al-
though the length of these vessels is comparable. Length
may also be important, and could probably explain why the
deep femoral vein, which is an equally large vessel but much
shorter than the femoropopliteal veins, has shorter RF
duration. No work has been done on these factors related
to RF, and therefore these are only possible explanations
and remain to be proved.
Twenty-two of 37 vein segments with reflux in the
supine position were normal in the standing position. Of 38
vein segments with RF greater than 500 ms in the standing
position, RF was less than 500 ms in 6 segments (13%) in
the supine position. These findings indicate both increased
specificity and sensitivity for detecting pathologic reflux in
the standing position. Standing provides increased hydro-
static pressure, and the diameter of all veins in the lower
extremity is larger. This contributes to longer RF in dis-
eased vein segments. Standing allows more definitive clo-
sure of competent valves and offers more challenge to
incompetent valves. Signs and symptoms of chronic venous
insufficiency are improved or seen only in the standing
position. It has been suggested that there should be a
longer cutoff value (2 s) for veins tested in the supine
position.6 However, because of our findings and reasons
given above, we believe, like others, that valve competency
should be tested only in the standing position when possi-
ble. The only other study that examined reflux in supine
and standing positions, which was smaller and less defini-
tive than the current study, supports our findings.7
There was no association between RF duration and
peak vein velocity. This is in agreement with the findings of
a previous study.8 There are a few explanations for this,
related to vein diameter and size of the capacitor into which
the incompetent vein empties.
For example, when a large incompetent vein empties
into a small capacitor, peak vein velocity is high but dura-
tion is short. When the refluxing vein is small and the
capacitor is large, velocity is low and RF duration is long.
Usually prolonged RF with high velocity is seen when the
incompetent vein is dilated and the capacitor is large.
Although these are consistent observations, we have not
studied this systematically, and no definite conclusion can
be made.
In 13 vein segments in four patients, reflux was induced
only by active dorsiflexion or plantar flexion. It is possible
that the pressure provided with the pump was highly atten-
uated by edema. This is also observed during manual
compression. Active dorsiflexion or plantar flexion offers
the highest pressure in the deep veins, because pressure is
applied directly by the contracting muscles; thus emptying
of the deep and muscular veins is most effective. Active
flexion should be used in patients with edema and dilated
veins when there is suspicion of reflux, but only after
negative manual or automated calf compression.
As shown by other groups, duplex scanning is the best
method for evaluating venous reflux.1,9,10 In two separate
studies, duplex scanning proved superior to descending
phlebography.11,12 As indicated in previous studies, pneu-
matic cuff compression provided consistently reproducible
results and should be considered standard in determining
lower extremity reflux.1,13,14 Manual compression accu-
rately elicits reflux, compared with pneumatic compres-
sion.3 However, for studies like ours or for studies in which
parameters of reflux are measured, use of pneumatic com-
pression is imperative. The constant pressure of the pneu-
matic cuff provides a reliable and reproducible standard for
such measurements.
Reflux can occur in any vein segment, irrespective of
disease stage.15 This is supported by our study, which
included patients without signs and symptoms of chronic
venous insufficiency. Also, saphenofemoral and saphe-
nopopliteal reflux was uncommon. Previous studies have
reported saphenous reflux without junctional involvement,
even in patients with advanced disease.16,17 Such data
provide evidence for local development of reflux at “sus-
ceptible sites,” which may be present in more than one
location. Abnormal outward flow in the perforator veins
was rare, and was found only in the presence of superficial
vein reflux connecting with the incompetent perforator
vein. This has been shown in other studies, indicating that
perforator reflux is found together with deep and most
often superficial vein reflux.5,18
CONCLUSIONS
Duplex scanning is the best method for evaluating
reflux in individual vein segments. The cutoff value for
reflux in the superficial veins, deep femoral veins, and deep
calf veins is greater than 500 ms. However, the reflux cutoff
value for the femoropopliteal veins should be greater than
1000 ms. Outward flow in the perforating veins should be
considered abnormal at greater than 350 ms. Reflux testing
in patients in the supine position should be avoided, and
should be performed only in standing patients.
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